From temperature and magnetic field dependent point-contact spectroscopy on the ferromagnetic superconductor Sr 0.5 Ce 0.5 FBiS 2 (bulk superconducting T c = 2.5 K) we observe (a) a pseudogap in the normal state that sustains to a remarkably high temperature of 40 K and (b) two-fold enhancement of T c upto 5 K in the point-contact geometry. In addition, Andreev reflection spectroscopy reveals a superconducting gap of 6 meV for certain point-contacts suggesting that the mean field T c of this system could be approximately 40 K, the onset temperature of pseudo-gap. Our results suggest that quantum fluctuations originating from other competing orders in Sr 0.5 Ce 0.5 FBiS 2 forbid a global phase coherence at high temperatures thereby suppressing T c . Apart from the known ordering to a ferromagnetic state, our first-principles calculations reveal nesting of a multi-band Fermi surface and a significant electron-phonon coupling that could result in charge density wave-like instabilities.
Introduction:
Within the ambit of the microscopic theory of superconductivity developed by Bardeen, Cooper and Schriefer (BCS) [1, 2] , superconductivity and ferromagnetism are two antagonistic phenomena [3, 4] . While in the high temperature superconductors it is believed that the superconducting pairing is mediated by magnetic interactions [5] , it is also known that superconductivity competes with magnetism. For example, in certain cuprate superconductors the critical temperature is enhanced when the antiferromagnetic ordering is suppressed [6] [7] [8] . On the other hand there are few systems where superconductivity is seen to co-exist with ferromagnetism [9] [10] [11] [12] [13] . Perhaps the most recently discovered member of the ferromagnetic superconductor family is Sr 0.5 Ce 0.5 FBiS 2 where the Ce ions are known to order ferromagnetically at 7.5 K and the system undergoes a superconducting transition below 3 K.
Sr 0.5 Ce 0.5 FBiS 2 is derived by doping Ce in the Sr sites of the parent compound SrFBiS 2 , which is a semiconductor. BiS 2 based superconductors in general have attracted tremendous interest in recent times due to their remarkable structural similarities with the high T c cuprate and the ferropnictide supercondcutors [14] [15] [16] [17] . Like in the cuprates and the ferropnictides, the BiS 2 based superconductors posses layered crystal structure where the BiS 2 layers superconduct, and variety of superconductors are obtained by changing the intercalating block layers [18] [19] [20] [21] [22] [23] [24] . Primarily because of this similarity, significant interest has developed in studying the electronic structure, the pairing interactions and the magnetic interactions in the BiS 2 based superconductors.
In this Letter, from detailed temperature and magnetic field dependent point-contact spectroscopy measurements, we show that superconductivity in the ferromagnetic superconductor Sr 0.5 Ce 0.5 FBiS 2 competes with other existing orders thereby leading to a normal state pseudogap. Using first principles calculations, we show the evidence of nesting in the multi-band fermi surface of this material [25] [26] [27] [28] [29] [30] [31] . From the detailed analysis of the experimental and the theoretical results we conclude that the pseudogap in Sr 0.5 Ce 0.5 FBiS 2 originates from fluctuations of the phase of the complex superconducting order parameter.
These fluctuations probably result from the quantum phase transitions to other competing orders supported by the multi-band Fermi surface of Sr 0.5 Ce 0.5 FBiS 2 . This idea is further supported by the observation of a two-fold enhancement of the local T c when the nesting becomes weaker at metallic point-contacts formed on Sr 0.5 Ce 0.5 FBiS 2 .
Experimental results and discussion:
The point-contact spectroscopy experiments were performed at low temperatures in a liquid helium based cryostat. All the measurements presented in this Letter were performed on a polycrystalline sample of Sr 0.5 Ce 0.5 FBiS 2 and the metallic point-contacts on the sample were fabricated by sharp tips of pure palladium (Pd). Statistically we found two types of dI/dV spectra obtained at different points on polycrystalline Sr 0.5 Ce 0.5 FBiS 2 . Two such representative spectra are shown in Figure 1 (a) (spectrum type A) and Figure 1 (b) (spectrum type B) respectively. It should be noted that the observation of two types of spectra might also be possible due to the existence of phase inhomogeneity in the sample. Within the standard characterization tools (including X-ray diffraction analysis) that we have used to determine the phase purity of the samples, all the samples formed in single phase. On the other hand, on an average, since the two types of spectra appeared with equal number of times, an inhomogeneous phase would consist of two phases distributed over the surface in almost equal proportion. However, in that case the two phases would be distinctly identified in XRD analysis. Therefore, the emergence of two types of spectra due to phase inhomogeneity can be ruled out. The spectrum shown in Figure 1 Letter, we will refer to this type of spectrum as type A. The spectrum shown in Figure   1 (b) also shows the double peak structure symmetric about V = 0. However, the spectrum is significantly broadened and consequently the spectrum deviates from BTK-like behavior.
If the position of the peaks is taken as a rough estimate of the superconducting energy gap for such a spectrum, the gap amplitude turns out to be ∆ 6 meV. In the later part of this Letter we will refer to this type of spectrum as type B. We surmise that the observation of two types of spectra with prominent anisotropic features originate from the anisotropic band structure of Sr 0.5 Ce 0.5 FBiS 2 (confirmed by calculated band structure presented later).
We have investigated the temperature dependent behavior of the superconducting energy gap as extracted from the type A spectrum. For this, we recorded the spectra at different temperatures and fitted the spectra using BTK formalism. The temperature dependent In fact, such a high value of the energy gap suggests a mean field critical temperature T c of around 40 K (2∆ 3.5 K B T C ) within the formalism of weak-coupling conventional BCS theory. In the past it was shown for certain unconventional [32, 33] and disordered conventional superconductors [34] that superconducting correlations might emerge at a higher temperature while the systems did not superconduct down to a much lower temperature due to fluctuation of the phase of the complex superconducting order parameter [35] . Following the above discussion, it is rational to surmise that in Sr 0.5 Ce 0.5 FBiS 2 local superconducting correlations emerge at temperatures as high as 40 K but there are other physical processes in Sr 0.5 Ce 0.5 FBiS 2 which make the phase of the order parameter fluctuate and does not allow a global phase-coherence until the system is cooled down to less than 3 K. Similarly, the gap corresponding to the spectra of type A is around 2.4 meV for which the mean field T c should be around 16 K. This is also quite large considering the low T c of the superconductor.
Since the system is close to a phase fluctuation regime, as evidenced by the features observed in the spectra type B, it is possible that the phase of the order parameter associated with the spectra of type A also fluctuates.
The magnetic field dependence of the spectrum of type A is shown in Figure 2 much lower than the mean field T c . However, the ferromagnetic transition of the system also happens at low temperature ∼ 7.5K. Therefore, it is important to identify other competing orders that might be responsible for dramatic reduction in T c from around 40 K to 3 K. In order to address this issue, we must now focus on the spectra of type B that is supposedly obtained when current is injected along a different momentum direction on the Fermi surface of polycrystalline Sr 0.5 Ce 0.5 FBiS 2 and the spectral features are predominantly governed by a different band crossing the Fermi surface.
The temperature evolution of the spectra of type B is shown in Figure 2 (c). As mentioned earlier, these spectra indeed show the double peak structure as in the spectra of type
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A, but these spectra are significantly broadened and cannot be analyzed within the ambit of BTK theory. The temperature dependence of the overall spectral features reveals two associated energy scales. At lowest temperature the symmetric peaks in dI/dV appear around ± 6 meV respectively. This is one well defined energy scale in this case. The double dip structure is smoothly suppressed with increasing temperature which eventually becomes a strong dip at V = 0. This dip structure continues to exist above the global superconducting critical temperature of Sr 0.5 Ce 0.5 FBiS 2 . This single dip structure becomes most intense at 6 K. Up to this temperature the spectra in Figure 2 It should be noted that the dip structure above the superconducting T c changes only
slightly with an applied magnetic field as high as 5 T. A sharp dip structure in differential conductance in the point-contact spectra between two non-superconducting metals (that do not show significant dependence on magnetic field but do show strong dependence with temperature) might also be related to a gap in the density of states associated with a charge density wave (CDW)-like phase originating due to the nesting of certain fermi surface pockets. Such a gap is seen for metallic point-contacts on NbSe 3 , a standard example of a CDW-system [36] . Therefore, the pseudogap structure observed here may be attributed to possible nesting in certain pockets of the Fermi surface of Sr 0.5 Ce 0.5 FBiS 2 .
Having identified two distinct energy scales corresponding to two physical orders, it is now imperative to investigate the electronic structure of Sr 0.5 Ce 0.5 FBiS 2 and identify the bands relevant to various ordered phases and the coupling responsible for their stability. To address this issue, we have investigated the detailed electronic structure of bulk Sr 0.5 Ce 0.5 FBiS 2 and effects of its interaction with Pd tip using first-principles DFT-based calculations.
Theoretical Calculations:
Within an LDA+U treatment of electronic structure, Sr 0.5 Ce 0.5 FBiS 2 (crystal structure is shown in Figure 3 The idea that the superconducting critical temperature here is suppressed by the fluctuation of the phase of the complex superconduting order parameter is also supported by the observation of a two-fold enhancement of the critical temperature formed under the pointcontacts (5 K) than the bulk critical temperature (2. Figure S6) compared to the bulk suggests suppression of the charge density wave instability resulting in enhancement of the superconducting transition temperature under the point-contacts.
We note that the increase in density of states at the Fermi level is expected to make the phase of the order parameter stiffer against fluctuations. Depending on the order of shift in stiffness the critical temperature may increase up to a maximum of the mean field critical temperature. This idea was discussed in detail in the past in the context of high T c cuprates [37] . This further supports the claim that quantum fluctuations of the phase of the complex superconducting order parameter caused by competing orders lead to the formation of a pseudogap in Sr 0.5 Ce 0.5 FBiS 2 .
conclusions:
In conclusion, we have obtained a signature of a normal state pseudogap-like feature in the 
